The maple (Acer) genus is a reported source of bioactive (poly)phenols, including gallotannins, but several of its members, such as the sycamore maple (A. pseudoplatanus), remain uninvestigated. Herein, thirty-nine compounds, including a new gallotannin, 1,2,3-tri-O-galloyl-6-O-(p-hydroxybenzoyl)-β-Dglucopyranoside (1), and thirty-eight (2-39) known compounds, consisting of four gallotannins, one ellagitannin, thirteen flavonoids, eight hydroxycinnamic acids, ten benzoic acid derivatives, and two sesquiterpenoids, were isolated from sycamore maple leaves. Their structures were determined based on NMR and mass spectral analyses. The isolates were evaluated for α-glucosidase inhibitory and antioxidant activities. Among the isolates, the gallotannins were the most potent α-glucosidase inhibitors with thirteen-fold more potent activity compared with the clinical drug, acarbose (IC 50 = 16-31 vs. 218 μM). Similarly, the gallotannins showed the highest antioxidant activities, followed by the other phenolic sub-classes, while the sesquiterpenoids were inactive.
Gallotannins are a class of bioactive (poly)phenols consisting of simple phenolic acids, such as gallic acid, esterified to a polyol core, most commonly, glucose. The widely studied prototypical gallotannin, 1,2,3,4,6-penta-O-galloyl-β-D-glucose, commonly known as pentagalloyl glucose (PGG), has been shown to have αglucosidase inhibitory and antidiabetic effects in both in vitro and in vivo studies [1] . While the majority of gallotannins identified to date contain glucose as their polyol core, only members of the maple (Acer) genus, in the entire plant kingdom, are reported to produce gallotannins with a glucitol core instead [2] [3] [4] [5] [6] . Our group and others have shown that these 'glucitol-containing' gallotannins display potent α-glucosidase inhibitory properties which, similar to PGG, is influenced by the number, type, and location of substituents on their glucitol core [5] [6] [7] . Maple species are proven sources of these bioactive polyphenols [8] , but there are several members, including the sycamore maple (A. pseudoplatanus L.), which remain uninvestigated.
In continuation of our group's search for α-glucosidase inhibitory gallotannins from maple species [5, 6] , herein we focused our attention on the leaves of the sycamore maple. This project led to the isolation and structure elucidation of thirty-nine compounds, including a new gallotannin, 1,2,3-tri-O-galloyl-6-O-(phydroxybenzoyl)-β-D-glucopyranoside (1), along with thirty-eight known compounds (2-39) consisting of five gallotannins, one ellagitannin, thirteen flavonoids, eight hydroxycinnamic acids, ten benzoic acid derivatives, and two sesquiterpenoids (structures of the compounds are provided in the Supplementary Data Figure S2 ). All of the isolates were evaluated for anti-oxidant and α-glucosidase inhibitory activities (IC 50 values are provided in the Supplementary Data Table S1 ).
Compound 1 was obtained as yellowish amorphous powder with a molecular formula of C 34 H 28 O 20 , as determined by the HRESIMS ion at m/z 757.0986 [M + H]. Analyses of the 1 H and 13 C NMR data (see Table 1 ) showed signals indicative of three sets of galloyl moieties [ H 7.03 (2H, s, H-2′, 6′), 6.92 (2H, s, 2″, 6″), 7.02 (2H, s, H-2″′, 6″′)], a p-hydroxyl benzoyl [ H 7.92 (2H, d, J = 8.8 Hz, H-2″″, 6″″), 6.84 (2H, d, J = 8.8 Hz, H-3″″, 5″″)] and a glucose unit with β-configuration, whose anomeric proton resonated at  H 6.08 (1H, d, J = 8.2 Hz, H-1). Extensive analyses of the 1D and 2D NMR (including 1 H 1 H COSY, HSQC, and HMBC) data allowed for the establishment of the structure of 1. From the 1 H-1 H COSY spectra (see Figure 1 ), a hexose moiety (C-1 to C-6) was established. The HMBC correlations (see Figure 1 D-glucose. Therefore, compound 1 was elucidated as 1,2,3-tri-Ogalloyl-6-O-(p-hydroxylbenzoyl)-β-D-glucopyranoside. This is the first report of compound 1, but its monogalloyl derivative, namely, 2-O-galloyl-6-O-(p-hydroxybenzoyl)-β-D-glucopyranoside, was previously isolated from Melaleuca ericifolia [10] .
Apart from the new gallotannin (1), four known gallotannins were isolated and identified as 1,2,
, and macatannin B (5) [13] . Therefore, as aforementioned, while only maple species are known to produce 'glucitol-containing' gallotannins, the sycamore maple did not yield any such compound. Also, while PGG was not isolated in this study, the gallotannins 2-5 can be considered as 'PGG-analogs' containing three or four galloyl groups on a glucose core.
The other isolates consisted of one ellagitannin: ellagic acid (6) [14] ; thirteen flavonoids: [17] , (+)-gallocatechin (10) [18] , quercetin (11) [19] [33] , and p-hydroxybenzaldehyde (36) [28] ; and two sesquiterpenoids: pubinernoid A (38) [34] and dihydrophaseic acid (39) [35] . Notably, this is first reported occurrence of compounds 5, 35, 38 and 39 in the Acer genus. With regards to dihydrophaseic acid (39), our group has previously isolated phaseic acid from maple syrup [36] , a natural sweetener produced by boiling the xylem sap of the sugar maple (Acer saccharum). Thus, the presence of dihydrophaseic acid (39) in the leaves of the sycamore maple is not surprising.
The isolates were evaluated for their antioxidant activities in the DPPH free radical scavenging assay (IC 50 values of all the compounds are provided in Supplementary Data Table S1 ). The positive control, ascorbic acid, showed an IC 50 value of 119.4 µM and, among the isolates, the gallotannins (1-5) were the most potent compounds with superior antioxidant activities of 8.2, 16.7, 7.2, 6.4 and 10.1 µM, respectively. PGG, which was previously isolated in our laboratory from winged sumac (Rhus copallinum) [37] , showed the most potent antioxidant activity of 4.2 µM. Overall, as expected, the other classes of phenolics, including the flavonoids (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , and other phenolic derivatives (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) also showed antioxidant activity with a broad range of IC 50 values ranging from 31.8 to 8311.5 µM. However, the sesquiterpenoids, 38 and 39, did not show any antioxidant effects in this assay.
The isolates were also evaluated for their α-glucosidase inhibitory activities (IC 50 values of all the compounds are provided in Supplementary Data Table S1 ). Compared with the positive control, acarbose (IC 50 = 218.4 µM), the gallotannins 1-5 showed superior α-glucosidase inhibitory effects with IC 50 values of 22.8, 31.4, 17.4, 16 .2 and 26.5 µM, respectively. PGG showed the strongest α-glucosidase inhibitory activity, among all of the gallotannins, with an IC 50 value of 10.1 µM. Apart from the gallotannins, the flavonoids 7-9 also showed α-glucosidase inhibitory activities with IC 50 values of 26.5, 38.9, and 34.0 µM, respectively. The remaining isolates did not show superior activities compared with acarbose in this assay.
Experimental
General: High performance liquid chromatography (HPLC) analyses were performed on a Hitachi Elite LaChrom system consisting of a L-2130 pump, a L-2200 autosampler, and a L-2455 Diode Array Detector with an Alltech Alltima C18 (250 × 4.6 mm, 5 μm) column (Fisher Scientific, USA). All 1 H and 13 C NMR spectra were acquired on either a Varian 500 MHz or a Bruker 300 MHz spectrometer using MeOD 4 as solvent. Electrospray ionization mass spectra (ESI-MS) were acquired on a Q-Star Elite (Applied Biosystems MDS) mass spectrometer. HR-ESIMS data were obtained using a Waters LCT Premier Mass Spectrometer (Waters, MA, USA).
Plant material:
Sycamore maple (Acer pseudoplatanus L.) leaves were collected on the Kingston campus of the University of Rhode Island (Kingston, RI, USA) in the summer of 2010 and were botanically authenticated by Mr J. Peter Morgan. A voucher specimen (16JPM1-APS6310) is deposited in the Heber-Youngken Garden and Greenhouse at the College of Pharmacy, University of Rhode Island.
Extraction and isolation:
The dried ground leaves (750.0 g) were exhaustively extracted with 7.5 L MeOH (× 3) at room temperature. The supernatants were combined and concentrated in vacuo to yield 125.8 g of a dried MeOH extract which was suspended in distilled water (500 mL) and successively partitioned with ethyl acetate (4 × 500 mL) followed by n-butanol (4 × 500 mL). The dried ethyl acetate extract (36.4 g) was subjected to XAD-16 resin column chromatography and eluted with acetone followed by a 90% aqueous MeOH solution to yield acetone (7.3 g) and 90% MeOH (22.8 g) extracts, respectively, after solvent removal in vacuo.
Phytochemicals from sycamore maple (Acer pseudoplatanus) leaves Natural Product Communications Vol. 10 (11) 2015 1979 Briefly, the 90% MeOH extract (22.8 g) was subjected to silica gel CC (CHCl 3 -MeOH, 20:1 to 1:1, v/v) to give 7 fractions (A1-A7), which were pooled based on TLC. Fraction A6 (12.64 g) was subjected to Sephadex LH-20 CC eluting with MeOH/H 2 O (1:5 to 1:0, v/v) to yield 6 sub-fractions (Fr.A6a-A6i). Sub-fraction A6i was re-chromatographed by Sephadex LH-60 chromatography by eluting with MeOH/H 2 O (4:1, v/v) to afford 4 sub-fractions. Compound 1 (3.4 mg) was obtained from sub-fraction A6i4 after semi-preparative HPLC. While only the details of the isolation of compound 1 is provided here, a detailed flow chart of the isolation scheme yielding the thirty-nine compounds is available in the Supplementary Data Figure S1 . The NMR and mass spectral data for the thirty-nine compounds are also available in the Supplementary Data.
HPLC-DAD analyses:
An HPLC-DAD profile of the ethyl acetate extract of sycamore maple leaves showing the identities of the thirty-nine compounds therein is provided in the Supplementary  Data Figure S3 . 
Anti-oxidant and anti-α-glucosidase assays:
The antioxidant activities of the purified isolates were evaluated by the DPPH free radical scavenging assay, as previously reported [24] . Briefly, 100 μL of test samples and 100 μL of a 0.15 mM DPPH solution were mixed. The absorbance was read (at 515 nm after 30 min of reaction time) using a micro-plate reader (SpectraMax M2, Molecular Devices Corp., Sunnyvale, CA, USA). The scavenging capacity of the sample was calculated as follows: [(ΔAcontrol − ΔAsample)/ΔAcontrol] × 100%. The α-glucosidase inhibitory assay was conducted as previously reported [5] . Briefly, 50 μL of test samples, 50 μL of phosphate buffer (0.1 mM, pH 6.9) and 100 μL of yeast α-glucosidase solution (1.0 U/mL) was incubated in 96well plates at 25 o C for 10 min. Then, 50 μL of 5 mM p-nitrophenylα-D-glucopyranoside solution was added to each well. After incubation at 25 o C for 5 min, absorbance was recorded at 405 nm with a micro-plate reader. The α-glucosidase inhibitory activity was expressed as [(ΔAcontrol − ΔAsample)/ ΔAcontrol] × 100%.
Supplementary data: Supplementary data are available for this article and available free of charge.
